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REFERENCE VOLTAGE GENERATOR
CIRCUIT

This application 1s a continuing application, filed under 35
U.S.C. § 111(a), of International Application PCT/JP2005/

002987, filed Feb. 24, 2005.

BACKGROUND

1. Field

The embodiment relates to reference voltage generator
circuits, and more particularly, to a reference voltage genera-
tor circuit using a pair ol PN junction devices with different
current densities to generate a temperature-independent ret-
erence voltage.

2. Description of the Related Art

As aresult of the recent tendency toward further reduction
in size and increased portability of various systems, there has
been a demand for reference voltage generator circuits
capable of supplying a low, stable reference voltage to semi-
conductor integrated circuits. Such reference voltage genera-
tor circuits are needed especially for semiconductor inte-
grated circuits used i IC (Integrated Circuit) cards or ID
(Identification) chips which are generally not equipped with a
power supply. Semiconductor integrated circuits used in
these applications derive electric power from the energy of
radio waves irradiated for the purpose of access and operate
with a reference voltage generated from the derived power.
Accordingly, if a low, stable reference voltage can be gener-
ated, then 1t 1s possible to attain a wider communicable range.

Typical reference voltage generator circuits popular in
recent years utilize the energy band-gap of silicon PN junc-
tion and are referred to also as band-gap reference circuits.

The following describe exemplary reference voltage gen-
erator circuits disclosed 1in Japanese Unexamined Patent Pub-
lication No. 2000-33827 (paragraph nos. [0041] to and
[0099] to [0118], FIGS. 1 and 2), by way of example.

FIGS. 7 and 8 are circuit diagrams each exemplilying a
conventional reference voltage generator circuit.

The conventional reference voltage generator circuit
shown 1n FIG. 7 includes two PNP bipolar transistors (here-
inafter referred to merely as PNP transistors) Q10 and Q11 of
which the collectors are connected to their respective bases
(diode connection) and which have respective different cur-
rent densities, resistors R10, R11 and R12, a differential
amplifier circuit 11, and a start-up circuit 12. Each of the PNP
transistors Q10 and Q11 has 1ts collector and base connected
to a ground terminal GND. The emaitter of the PNP transistor
(010 1s connected to the series-connected resistors R10 and
R11, and the emitter of the PNP transistor Q11 1s connected to
the resistor R12. The other end of the resistor R11 1s con-
nected to the other end of the resistor R12. The resistors R11
and R12 have the same resistance value. The differential
amplifier circuit 11 has an mverting iput terminal (-) con-
nected to the node between the resistors R10 and R11 and has
a non-inverting input terminal (+) connected to the node
between the resistor R12 and the emitter of the PNP transistor
Q11. The output terminal of the differential amplifier circuit
11 1s connected to the respective other ends of the resistors
R11 and R12. The start-up circuit 12 is connected between the
output terminal and non-inverting mnput terminal of the dif-
terential amplifier circut 11.

In the reference voltage generator circuit configured as
described above, feedback control 1s performed so as to make
the potentials of the mverting and non-inverting mput termi-
nals of the differential amplifier circuit 11 equal to each other,
thereby canceling out the temperature dependences (about
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—-2.0mYV per ° C.) of the base-emitter voltages Vbe3 and Vbe4
of the PNP transistors Q10 and Q11 to allow a temperature-
independent, stable reference voltage of about 1.25 V to be
output from a terminal 13. Also, the reference voltage gen-
erator circuit 1s started by the start-up circuit 12 so as to
prevent the mput and output voltages of the differential ampli-
fier circuit 11 from being fixed at O V due to the feedback
control.

On the other hand, the conventional reference voltage gen-
erator circuit shown 1 FIG. 8 includes p-channel MOS
(Metal-Oxide Semiconductor) field-effect transistors (here-
mafter referred to as PMOS transistors) MP30, MP31 and
MP52, n-channel MOS field-effect transistors (hereinafter
referred to as NMOS transistors) MN50 and MNS1, three
PNP transistors Q12, Q13 and Q14 of which the co,.lectors are
connected to their respective bases, resistors R13 and R14,
and a start-up circuit 14.

The PMOS transistors MP50, MP51 and MP52 have a
common gate connected to the drain of the PMOS transistor

MP51 and a common source connected to a power supply line
Vdd. The drain of the PMOS transistor MP50 1s connected to
the drain of the NMOS transistor MN50, and the drain of the
PMOS ftransistor MP31 1s connected to the drain of the
NMOS transistor MN51. The NMOS transistors MN50 and
MN51 have a common gate connected to the drain of the
NMOS transistor MINS0. The source of the NMOS transistor
MNS50 1s connected to the emitter of the PNP transistor 12,

and the source of the NMOS transistor MN31 1s connected
through the resistor R13 to the emitter of the PNP transistor
Q13. The drain of the PMOS transistor MP52 1s connected
through the resistor R14 to the emitter of the PNP transistor
Q14. Each of the PNP transistors Q12, Q13 and Q14 has 1ts
collector and base connected to a ground terminal GND. The
start-up circuit 14 1s connected between the common source
of the PMOS transistors MP50, MP51 and MP52 and the
drain of the PMOS ftransistor MP52. A reference voltage
output terminal 15 1s connected to the drain of the PMOS
transistor MP52.

The PMOS transistors MP50, MP51 and MP52 are of the
same size and constitute a current mirror circuit, and by virtue
ol a constant current flowing to the resistor R14 and the PNP
transistor Q14, a stable reference voltage of about 1.25V can
be output from the terminal 15. In this reference voltage
generator circuit, the PMOS transistors MP50 and MP51 are
respectively connected in series with the NMOS transistors
MN50 and MN31, thereby suppressing dependence on the
supply voltage and enabling the supply of a highly accurate
constant current. Also, the reference voltage generator circuit
1s started by the start-up circuit 14 so as to prevent the output
voltage from being fixed at a stable point other than the
reference voltage.

Meanwhile, a bias circuit for use 1n a reference voltage
generator circuit and capable of lessening the supply voltage
dependence 1s disclosed, for example, in Examined Japanese

Patent Publication No. H07-27424 (FIGS. 1 and 3).

SUMMARY

The embodiment provides that a reference voltage genera-
tor circuit using a pair ol PN junction devices with different
current densities to generate a temperature-independent ret-
erence voltage, the reference voltage generator circuit includ-
ing a first differential amplifier circuit having a non-inverting
input terminal input with a voltage generated by one of the PN
junction devices, and an inverting input terminal input with an
output signal of the first differential amplifier circuit, and a
second differential amplifier circuit having a non-inverting
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input terminal input with a voltage generated by the other of
the PN junction devices, and an inverting input terminal input
with the output signal of the first differential amplifier circuit
through a first resistor and also input with an output signal of
the second differential amplifier circuit through a second
resistor, to generate the reference voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a circuit diagram of a reference voltage generator
circuit according to an embodiment.

FI1G. 2 1s a circuit diagram of a bias circuit of FIG. 1.

FIG. 3 shows the dependence of consumption current on
supply voltage according to the embodiment.

FI1G. 4 1s a circuit diagram of a detection circuit of FIG. 1.

FIG. 5 shows transient characteristics of a reference volt-
age and a detection signal according to the embodiment.

FIG. 6 shows a DC characteristic of the detection signal
according to the embodiment.

FIG. 7 1s a circuit diagram exemplifying a conventional
reference voltage generator circuit (first type).

FIG. 8 1s a circuit diagram exemplifying another conven-
tional reference voltage generator circuit (second type).

DETAILED DESCRIPTION OF TH
EMBODIMENTS

L1

The start-up circuit provided in each of the conventional
reference voltage generator circuits 1s used, however, simply
to start the reference voltage generator circuit and remains
useless after the start-up, and a problem also arises in that the
start-up circuit makes the circuit operation unstable.

Further, the reference voltage generator circuit using the
start-up circuit 1s susceptible to noise such as power supply
fluctuation, and thus, when used in portable devices whose
power supply can possibly be cut off all of a sudden, 1t 1s
difficult to ensure stable operation.

An embodiment 1s created 1n view of the above circum-
stances, and an object thereol 1s to provide a reference voltage
generator circuit capable of stable generation of a reference
voltage.

To solve the above problems, the embodiment provides a
reference voltage generator circuit using a pair of PN junction
devices with different current densities to generate a tempera-
ture-independent reference voltage.

As shown 1in FIG. 1, the reference voltage generator circuit
comprises a differential amplifier circuit 1 having a non-
inverting mput terminal mput with a voltage (Vbel) gener-
ated by one PN junction device (PNP transistor Q1 having its
collector and base connected to each other) and an 1nverting
input terminal iput with an output signal thereof, and a
differential amplifier circuit 2 having a non-inverting input
terminal input with a voltage (Vbe2) generated by the other
PN junction device (PNP transistor Q2 having its collector
and base connected to each other) and an mverting 1nput
terminal input with the output signal of the differential ampli-
fier circuit 1 through a resistor R1 and also mput with an
output signal thereof through a resistor R2, to generate a
reference voltage.

With this configuration, the differential amplifier circuit 1
1s 1put at the non-1nverting iput terminal with the voltage
Vbel generated by the PNP transistor Q1 and 1s input at the
inverting mput terminal with the output signal thereof. The
differential amplifier circuit 2 1s mput at the non-inverting
input terminal with the voltage Vbe2 generated by the PNP
transistor Q2 and 1s input at the inverting input terminal with
the output signal of the differential amplifier circuit 1 through
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4

the resistor R1 and also with the output signal thereot through
the resistor R2, to generate a reference voltage.

The reference voltage generator circuit of the embodiment
uses a pair of PN junction devices with different current
densities to generate a temperature-independent reference
voltage and comprises a first differential amplifier circuit
having a non-inverting mput terminal input with a voltage
generated by one of the PN junction devices and an inverting
input terminal input with an output signal thereof, and a
second differential amplifier circuit having a non-inverting
input terminal input with a voltage generated by the other PN
junction device and an inverting input terminal input with the
output signal of the first ditferential amplifier circuit through
a first resistor and also mput with an output signal thereof
through a second resistor, to generate a reference voltage.
Since the output 1s not fed back to the non-inverting input
terminal of the second differential amplifier circuit, the prob-
lem that the output 1s fixed at a voltage (e.g., 0 V) other than
the reference voltage does not arise, making 1t unnecessary to
provide a start-up circuit that makes the circuit operation
unstable. It 1s therefore possible to generate a stable reference
voltage having high tolerance to noise such as power supply
fluctuation.

The above and other objects, features and advantages o the
embodiment will become apparent from the following
description when taken in conjunction with the accompany-
ing drawings which 1llustrate preferred embodiments of the
embodiment by way of example.

The embodiment will be described 1n detail below with
reference to the accompanying drawings.

FIG. 1 1s a circuit diagram of a reference voltage generator
circuit according to the embodiment.

The reference voltage generator circuit of the embodiment
includes PNP transistors Q1 and Q2 as a pair of PN junction
devices with different emitter junction areas and different
current densities, differential amplifier circuits 1 and 2, a bias
circuit 3 for supplying a constant current, a detection circuit 4
for detecting generation of a reference voltage and generating
a detection signal Vout, PMOS transistors MP1 and MP2 for
supplying the constant current from the bias circuit 3 to the

PNP transistors Q1 and Q2, respectively, and resistors R1 and
R2

Each of the PMOS transistors MP1 and MP2 has a source
connected to a power supply line Vdd and a gate connected to
the bias circuit 3 to be applied with a voltage set by the bias
circuit 3. The drain of the PMOS transistor MP1 1s connected
to the emitter of the PNP transistor Q1, and the drain of the
PMOS transistor MP2 is connected to the emitter of the PNP
transistor Q2. Each of the PNP transistors Q1 and Q2 has its
collector and base connected to each other, or diode-con-
nected, and also connected to a ground terminal GND. The
differential amplifier circuit 1 has a non-inverting input ter-
minal connected to the node between the PMOS transistor
MP1 and the PNP transistor Q1, and has an inverting input
terminal connected to 1ts own output terminal. The differen-
tial amplifier circuit 2 has a non-inverting input terminal
connected to the node between the PMOS transistor MP2 and
the PNP transistor ()2, and has an mverting input terminal
connected to the output terminal of the differential amplifier
circuit 1 through the resistor R1 and also connected to 1ts own
output terminal through the resistor R2. The output terminal
of the differential amplifier circuit 2 1s connected to a terminal
5 for outputting a reference voltage Vret. The detection circuit
4 1s connected to the output terminal of the differential ampli-
fier circuit 2 and, on detecting generation of the reference
voltage Vrel, generates a detection signal Vout to be output
from a terminal 6.
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Operation of the reference voltage generator circuit
according to the embodiment will be now described.

When the voltage set by the bias circuit 3 1s applied to the
gates of the PMOS transistors MP1 and MP2, predetermined
constant currents 11 and 12 flow to the PNP transistors Q1 and
Q2, respectively. Of the base-emitter voltages Vbel and Vbe2
induced by the currents, the voltage Vbel is input to the
non-inverting mput terminal of the differential amplifier cir-
cuit 1 while the voltage Vbe2 1s iput to the non-inverting
input terminal of the differential amplifier circuit 2. The out-
put of the differential amplifier circuit 1 1s fed back to 1ts own
inverting input terminal, so that the differential amplifier cir-
cuit 1 functions as a builer. The output voltage of the differ-
ential amplifier circuit 1 1s therefore equal to the voltage
Vbel. The differential amplifier circuit 2 outputs the refer-
ence voltage Vrel when the voltages applied to 1ts two 1nput
terminals are equal to each other. Since the input impedance
of the differential amplifier circuit 2 1s ideally infinite, the
current flowing between the differential amplifier circuits 1
and 2 when the voltage applied to the inverting input terminal
of the differential amplifier circuit 2 becomes equal to the
voltage Vbe2 applied to the non-nverting input terminal due
to the feedback fulfils the condition: (Vbel-Vbe2)/R1=
(Vbe2-Vrel)/R2, and therefore, the reference voltage Vret 1s
given by: Vrel=Vbe2+(R2/R1)x(Vbe2-Vbel). The voltages
Vbe2 and (Vbe2-Vbel) have opposite temperature depen-
dences, and therefore, by setting the resistance ratio (R2/R1)
to a suitable value, 1t 1s possible to cancel out the temperature
coellicients and thus to obtain a temperature-independent
reference voltage Vref.

In the reference voltage generator circuit of this embodi-
ment, the output 1s not fed back to the non-inverting input
terminal of the differential amplifier circuit 2, as seen from
FIG. 1. Accordingly, the problem that the output is fixed at a
voltage (e.g., 0 V) other than the reference voltage does not
arise, making 1t unnecessary to use a start-up circuit that
makes the circuit operation unstable. It 1s therefore possible to
generate a stable reference voltage having high tolerance to
noise such as power supply fluctuation.

The following describes 1n detail the bias circuit 3 of the
embodiment.

FIG. 2 1s a circuit diagram of the bias circuit according to
the embodiment.

The bias circuit 3 of the embodiment 1s constituted by
NMOS transistors MN1, MN2 and MN3, a PMOS transistor

MP3, and resistors R3 and R4.

The NMOS transistor MN1 has a drain connected through
the resistor R3 to the power supply line Vdd, has a source
connected to the ground terminal GND, and has a gate con-
nected to the gate of the NMOS transistor MN2 as well as to
its own drain. The NMOS transistor MN2 has a drain con-
nected to the source of the NMOS transistor MN3 and a
source connected to the ground terminal GND.

The NMOS transistor MN3 has a drain connected to the
power supply line Vdd and a source connected to the drain of
the NMOS transistor MN2. The gate of the NMOS transistor
MN3 1s connected to the drain of the PMOS transistor MP3,
which constitutes a current mirror circuit, as well as to 1ts own
source through the resistor R4. The NMOS transistor MN3
has its substrate connected to the source of its own. The
PMOS transistor MP3 has a source connected to the power
supply line Vdd and a gate connected to its own drain as well
as to the gates of the alorementioned PMOS transistors MP1
and MP2. The current mirror circuit 1s constituted by the
PMOS transistors MP1, MP2 and MP3.

In the bias circuit 3 configured as above, the source of the
NMOS transistor MN3 1s controlled by the NMOS transistors

10

15

20

25

30

35

40

45

50

55

60

65

6

MN1 and MN2, which also constitute a current mirror circuit,
so that a constant current may flow. A reference current Iref
flowing to the resistor R4 1s given by: Iret=Vgs/R4 (Vgs 1s the
gate-source voltage of the NMOS transistor MN3). The ret-
erence current Iref 1s taken out by the current mirror circuit
constituted by the PMOS transistors MP1, MP2 and MP3 to
obtain the aforementioned constant currents I1 and I12. As the
supply voltage rises and the reference current Iref increases,
the voltage drop at the resistor R4 connected between the gate
and source of the NMOS transistor MN3 increases, with the
result that the NMOS transistor MN3 switches on. Thus, even
il the supply voltage further rises thereafter, the drain current
of the NMOS transistor MN3 1increases but the reference
current Iref flowing through the bias current mirror circuit 1s
restrained from increasing. Unlike the conventional reference
voltage generator circuit of FIG. 8 in which the PMOS tran-
sistors MP50 and MP31 and the NMOS transistors MN50 and
MNS51 are series-connected, the bias circuit 3 of this embodi-
ment does not require such series connection and thus can be
operated at a low voltage.

FIG. 3 shows the dependence of consumption current on
supply voltage.

In the figure, the horizontal axis indicates the supply volt-
age VDD, and the vertical axes indicate the reference voltage
and the consumption current. The figure shows that even 1f the
supply voltage VDD rises, the consumption current of the
reference voltage generator circuit 1s restrained from increas-
ing, proving that the reference voltage generator circuit can be
operated with low power over a wider voltage range.

Also, the bias circuit 3 uses no bipolar transistors and 1s
constituted by MOS transistors only, whereby space can be
saved.

The detection circuit 4 of this embodiment will be now
described 1n detail.

FIG. 4 1s a circuit diagram of the detection circuait.

The figure also shows a detailed circuit configuration of the
differential amplifier circuit 2 for outputting the reference
voltage, shown 1n FIG. 1.

The differential amplifier circuit 2 includes PMOS transis-
tors MP4 and MP5 supplied with the constant current from
the bias circuit 3, PMOS transistors MP6 and MP7 and
NMOS transistors MN4 and MNS35 constituting a differential
amplifier, and an NMOS transistor MIN6 constituting an out-
put circuit. The PMOS transistors MP4 and MP5 have their
sources connected to the power supply line Vdd. The drain of
the PMOS transistor MP4 1s connected to the sources of the
PMOS transistors MP6 and MP7, and the drain of the PMOS
transistor MPS 1s connected to the drain of the NMOS tran-
sistor MN6. The drain of the PMOS transistor MP6 1s con-
nected to the drain of the NMOS transistor MN4, and the
drain of the PMOS transistor MP7 1s connected to the drain of
the NMOS transistor MN5. The gate of the PMOS transistor
MP®6 1s connected to the inverting input terminal, and the gate
of the PMOS transistor MP7 1s connected to the non-nverting
input terminal. The resistor R1 and the PNP transistor Q2
shown 1n FIG. 1 are connected to these iput terminals but are
not shown 1n the figure. The gates of the NMOS transistors

MN4 and MNS are connected to each other and are also
connected to the drain of the NMOS transistor MN4. The

sources of the NMOS transistors MN4 and MNS5 are con-
nected to the ground terminal GND. The output of the differ-
ential amplifier 1s dertved from the drain of the NMOS tran-
sistor MINS and input to the gate of the NMOS transistor MN6
as the output circuit. The source of the NMOS transistor MN 6
1s connected to the ground terminal GND. The output of the
differential amplifier circuit 2 1s derived from the drain of the

NMOS transistor MN®6.
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The detection circuit 4 1s constituted by PMOS transistors
MP8 and MP9 supplied with the constant current from the
bias circuit 3, NMOS transistors MN7 and MNS8, inverters 7
and 8, and an AND gate 9.

The PMOS transistors MP8 and MP9 have their sources
connected to the power supply line Vdd. The drain of the
PMOS transistor MP8 1s connected to the drain of the NMOS
transistor MN7, and the drain of the PMOS transistor MP9 1s
connected to the drain of the NMOS transistor MN8. The
NMOS transistor MN7 has a source connected to the ground
terminal GND and a gate connected to the gate of the NMOS
transistor MN6 of the differential amplifier circuit 2. The
NMOS transistor MN8 has a source connected to the ground
terminal GND and a gate input with the reference voltage
Vrel from the differential amplifier circuit 2. The input ter-
minal of the mverter 7 1s connected to the drain of the NMOS
transistor MIN8, and the input terminal of the inverter 8 1s
connected to the drain of the NMOS transistor MN7. The
outputs of the mverters 7 and 8 are input to the AND gate 9,
the output terminal of which 1s connected to the terminal 6 for
outputting the detection signal.

With the circuit configuration described above, when the
gate potentials of the PMOS transistors MP6 and MP7 of the
differential amplifier circuit 2 become equal to each other, the
alforementioned reference voltage Vref 1s derived from the
drain of the NMOS transistor MN6 as the output circuit. Since
at this time the NMOS transistor MN6 1s switched on, the
detection signal can be formed by suitably selecting the tran-
sistor size of the NMOS transistor MN7 of the detection
circuit 4 and the logic level of the inverter 8. In order to avoid
malfunction, the detection circuit 4 1s configured to provide
the detection signal by detecting the output reference voltage
Vret with the NMOS transistor MN8 and then subjecting the
consequent output potential of the inverter 7 and the output
potential of the mverter 8 to AND operation.

FIG. 5 shows the transient characteristic of the reference
voltage and of the detection signal.

In the figure, the horizontal axis indicates time, and the
vertical axis indicates voltage.

The figure shows two sets of transient characteristics of the
reference voltage and the detection signal relative to the rise
time of power supply, wherein the solid lines indicate the
transient characteristics observed when the rise of power
supply 1s fast and the dashed lines indicate the transient char-
acteristics observed when the rise of power supply 1s slow. As
seen from the figure, 1n either case, the detection signal turns
to H (High) level following the rise of the reference voltage.

FIG. 6 shows a DC characteristic of the detection signal.

In the figure, the horizontal axis indicates the supply volt-
age VDD, and the vertical axes indicate the reference voltage
Vret and the detection signal Vout/VDD.

As seen from the figure, the detection signal turns to H level
at the supply voltage VDD level as low as 1.3 V, for example.
The detection signal may be used as a power-on reset signal
for mitializing the internal circuit elements at the time the
semiconductor integrated circuit 1s powered on, whereby
operation at low voltage can be ensured.

In this manner, the reference voltage generator circuit
according to the embodiment operates at low voltage, has
high tolerance to noise such as voltage fluctuation, and 1s
capable of operating with low power over a wide voltage
range. Thus, the reference voltage generator circuit possesses
all the necessary characteristics for semiconductor integrated
circuits used 1n IC cards, ID chips, or portable devices.
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The present 1nvention 1s not limited to the above embodi-
ment alone and may be modified in various ways without
departing from the scope of the claims. For example, although
the foregoing embodiment uses the PNP transistors Q1 and
Q2 whose bases are connected to their respective collectors, 1t
1s also possible to use NPN transistors whose bases are con-
nected to their respective collectors, or diodes.

The foregoing 1s considered as 1llustrative only of the prin-
ciples of the embodiment. Further, since numerous modifica-
tions and changes will readily occur to those skilled in the art,
it 1s not desired to limit the invention to the exact construction
and applications shown and described, and accordingly, all
suitable modifications and equivalents may be regarded as
falling within the scope of the invention 1n the appended
claims and their equivalents.

What 1s claimed 1s:

1. A reference voltage generator circuit to generate a ref-
erence voltage, comprising:

a first PN junction device having a first current density;

a second PN junction device having a second current den-

sity different from the first current density;

a first differential amplifier circuit having a non-inverting
input terminal coupled to a voltage generated by the first
PN junction device, and an inverting input terminal
coupled to an output signal of the first differential ampli-
fler circuait;

a second differential amplifier circuit having a non-invert-
ing input terminal coupled to a voltage generated by the
second PN junction device, and an mverting input ter-
minal coupled to the output signal of the first differential
amplifier circuit through a first resistor and also coupled
to an output signal of the second differential amplifier
circuit through a second resistor, to generate the refer-
ence voltage; and

a detection circuit for detecting generation of the reference
voltage.

2. The reference voltage generator circuit according to
claam 1, wherein the reference voltage Vref 1s given by:
Vret=V2+(R2/R1)x(V2-V1), where V1 is the voltage gener-
ated by the first PN junction device, V2 1s the voltage gener-
ated by the second PN junction device, R1 1s the resistance of
the first resistor, and R2 1s the resistance of the second resistor.

3. The reference voltage generator circuit according to
claim 1, wherein the first and second PN junction devices
comprises a PNP bipolar transistor having a collector and a
base connected to each other.

4. The reference voltage generator circuit according to
claam 1, wherein the detection circuit outputs a power-on
reset signal upon when the detection circuit detects the gen-
eration of the reference voltage.

5. The reference voltage generator circuit according to
claim 1, further comprising a bias circuit including an n-chan-
nel MOS field-effect transistor, the n-channel MOS field-
elfect transistor having a substrate connected to a source of
the n-channel MOS field-effect transistor, a drain connected
to a power supply, and a gate connected to a current mirror
circuit and also connected through a third resistor to the
source of the n-channel MOS field-effect transistor,

wherein, 1n the bias circuit, a current of the source 1s con-
trolled constant and a current flowing to the third resistor
1s dertved by the current mirror circuit to supply a con-
stant current.
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